INTRODUCTION
============

Hepatocellular carcinoma (HCC) has been the third most common cause of cancer-related death worldwide. Hepatitis B viral infection has resulted in high presence of HCC in china.[@b1-gnl-11-684],[@b2-gnl-11-684] Solitary HCCs is subgroup of HCCs. According to the recent Barcelona Clinic Liver Cancer (BCLC) staging system, solitary HCCs are classified as BCLC A regardless of the presence of microvascular invasion (MVI).[@b3-gnl-11-684] According to the seventh American Joint Committee on Cancer (AJCC) staging system, solitary HCCs are classified as tumor stage 1 or 2 regardless of tumor size.[@b4-gnl-11-684] Hong Kong Liver Cancer (HKLC) staging system classify single tumor into early or intermediate tumor based on tumor size.[@b5-gnl-11-684] There is no consensus on the stage of solitary HCCs. Solitary HCCs include heterogeneous tumors because HCC has high presence of adverse clinicopathological factors affecting prognosis, such as vascular invasion, when the tumor size increases.[@b6-gnl-11-684]--[@b8-gnl-11-684] Vascular invasion had been validated as an important prognostic factor. Some solitary HCC patients had, while some had not.[@b9-gnl-11-684]--[@b12-gnl-11-684] In the past few decades, technical improvements in hepatic resection and perioperative managements, some large HCC (\>5 cm) could be effectively and safely applied for hepatectomy.[@b13-gnl-11-684]--[@b15-gnl-11-684] However, the relationship between tumor size and prognosis after curative resection remains unclear for solitary HCCs. The majority of studies reported patients with large HCC have poorer long-term outcomes than those with small HCC after curative resection.[@b16-gnl-11-684]--[@b18-gnl-11-684] A few studies showed that patients with large HCC have similar outcomes to those with small HCC.[@b9-gnl-11-684],[@b19-gnl-11-684]

The BCLC staging system and the HKLC staging system offer both management guidance and prognostic prediction.[@b3-gnl-11-684],[@b5-gnl-11-684] The seventh AJCC edition and Cancer of the Liver Italian Program (CLIP) also had distinct prognostic performance.[@b4-gnl-11-684],[@b20-gnl-11-684] These conventional staging systems have some limitations because they might not take full clinicopathological predictors into account when stratifying the prognosis. For example, few staging systems, except for the seventh AJCC staging system, emphasize the role of MVI. Besides, these conventional staging systems utilized tumor size with some cutoff value to determine tumor stages, Some other studies had suggested a threshold effect of tumor size on long-term outcomes.[@b17-gnl-11-684],[@b21-gnl-11-684],[@b22-gnl-11-684] The effect of tumor size on prognosis remains controversial. Nomogram (a simple graphical representation) is an effective and accurate tool to predict long-term prognosis in various cancers.[@b23-gnl-11-684]--[@b25-gnl-11-684] It could incorporate more clinicopathological variables and make full use of some important prognostic factors compared with the conventional staging system.[@b26-gnl-11-684] Yang *et al*.[@b27-gnl-11-684] has adopted this method accurately predict prognosis in patients with multiple HCCs with concordance index (C-index) of 0.75. Li *et al*.[@b28-gnl-11-684] created a nomogram to predict the prognosis of early stage HCCs with C-index of 0.79. Unfortunately, there is a lack of nomogram that can predict prognosis of patients with solitary HCCs hepatectomy.

The aim of this study was to (1) create prognostic nomograms for predicting individual patient with solitary HCC following hepatectomy, and (2) compare the predictive accuracy of this nomograms with the conventional staging systems.

MATERIALS AND METHODS
=====================

1. Patients
-----------

A total of 538 solitary HCC patients treated with surgery were collected from a prospectively maintained database at West China Hospital from July 1, 2007 to July 31, 2014. The diagnoses of HCC were all histologically confirmed by experienced liver pathologists in West China Hospital. Clinicopathological variables including age, gender, hepatitis B virus surface antigen, liver cirrhosis, alpha-fetoprotein (AFP), tumor size, MVI, major vascular invasion and differentiation were obtained from our database. Major vascular invasion were determined by abdominal computed tomography (CT) scan or magnetic resonance imaging (MRI) or surgical findings. MVI was defined as microscopic tumor invasion identified in small vessels of tumor tissue sample.[@b29-gnl-11-684] The extent of surgery included one segment, two to three segments and \>three segments. The inclusion criteria were as follows: (1) solitary HCCs; (2) initially treated by hepatectomy; (3) without extrahepatic metastasis; (4) HCC patients should have Child-Pugh status A, or Child-Pugh status B which can be improved to A. The exclusion criteria were as follows: (1) with other cancers; (2) the major vascular invasion was involving in the trunk of portal vein or the inferior vena cava; (3) HCC with satellite lesions; and (4) incomplete clinicopathological reports and follow-up data. Informed consent for using their data in research was obtained from all patients. This retrospective study was conducted in accordance with the Declaration of Helsinki and was approved by the Ethic Committee of West China Hospital.

2. Follow-up
------------

Follow-up data included time and location of HCC recurrence, treatments after recurrence, survival information and time of follow-up. The median follow-up time was 40.5 months in the training set and 40.2 months in the validation set. All of the patients were regularly followed at first month and every 3 months after surgery. Routing blood tests, liver function tests, AFP levels measurements, HBV-DNA levels, liver ultrasound were performed at each follow-up. Once HCC recurrence was suspected, contrast-enhanced computed tomography, and MRI was performed to confirm the lesions, and chest CT scan and bone scan were applied if necessary. After HCC recurrence, patients were evaluated at multidisciplinary team (MDT) in West China Hospital for treatment guidance based on the status of tumor and general condition. The MDT mainly comprised of experienced hepatic surgeon, radiologists, pathologists and oncologists in West China Hospital. Salvage liver transplantation, resection, radiofrequency ablation (RFA), and transarterial chemoembolization (TACE) and best care support (BSC) could be applied. Patients were administrated antivirus therapy, such as Entecavir (0.5 mg/day), if their HBV-DNA levels were \>1.00E+10^3^ IU/mL before and after surgery during follow-up. Recurrence-free survival (RFS) and overall survival (OS) was calculated from the date of initial treatment until the date of detection of recurrence and death or the date of last follow-up. In the BCLC subgroups, tumor with great than 5 cm in diameter was classified into BCLC stage B HCC as previous study. The mean value of platelet to lymphocyte ratio (PLR) and neutrophil to lymphocyte ratio (NLR) was 108 and 3.0.

3. Statistical analysis
-----------------------

Continuous variables were reported with means±standard deviation compared using Student t-test, and categorical variables were presented with frequency and percent compared using the chi-square test. Significant factors in the univariate analysis were included in the multivariate analysis model. Finally, the multivariate Cox proportional hazard model was used to identify independent prognostic factors using the step-forward method. Restricted cubic spline was applied to analyze the relationship between the continuous variables, such as tumor size, and its risk on the prognosis.[@b30-gnl-11-684] Nomogram was established based on results of independent risk factors on multivariable analyses. For nomogram construction and validation, we randomly assigned 80% of the patients to the training set (n=419) and 20% to the validation set (n=119).

Model performance was evaluated with respect to discrimination and calibration. For discrimination Harrell's C-index which is appropriate for censored data the ability of a staging system to stratify survival. A staging system with a concordance index of 1 would have predicted the correct outcomes in all patients; a concordance index of 0 would mean that the incorrect outcomes were predicted in all patients; a concordance index of 0.5 would imply that the system correctly predicted the outcomes 50% of the time.[@b31-gnl-11-684] The bootstrap method was used to obtain relatively unbiased estimate (1,000 bootstrap samples). For calibration, we presented the calibration curves for 3- and 5-year survival, which depict the agreement between predicted and the actual observed Kaplan-Meier estimates of survival probability. The same methods, discrimination and calibration, were performed for the validation set. All analyses were performed using R package with the rms and hmisc. The statistical analysis was carried out using the SPSS 20.0 and R software version 3.3.0 (<http://www.r-project.org/>). A p-value \<0.05 was considered as statistically significant.

RESULTS
=======

1. Clinicopathologic characteristics and follow-up information of patients
--------------------------------------------------------------------------

A total of 538 patients with solitary HCC who received hepatectomy were randomly divided into the training set (419 patients, 80%) and validation set (119 patients, 20%). The clinicopathologic characteristics of patients in the training set and validation set are listed in [Table 1](#t1-gnl-11-684){ref-type="table"}. Of all the patients, 465 patients (86.4%) had positive HBV infection and 262 patients (48.7%) had HBV-DNA load \>10^3^ IU/mL. The tumor size was 6.8±3.7 cm. One hundred seventy-four patients (32.3%) had presence of MVI and 73 patients (13.6%) had presence of major vascular invasion. The distribution of these characteristics is almost similar among the training set and validation set. At the end of the follow-up, 293 patients (54.5%) and 61 patients (11.3%) suffered from intra-hepatic recurrence and extra-hepatic recurrence. Six patients (1.1%) received salvage liver transplantation therapy, 36 patients (6.7%) received re-resection, 31 patients (5.8%) received RFA, 129 patients (24.0%) received TACE and 152 patients (28.3%) received BSC. The median survival for all patients was 56 months (95% confidence interval \[CI\], 47.7 to 64.2 months). The 1-, 3-, and 5-year OS was 84.5%, 61.7%, and 46.5%, respectively.

2. Predictors of survival (training set)
----------------------------------------

The results of the univariate and multivariate analyses are presented in [Table 2](#t2-gnl-11-684){ref-type="table"}. From the univariate analysis, gender, AFP, aspartate aminotransferase, platelet, PLR, NLR, tumor size, MVI, major vascular invasion and the extent of surgery were associated with survival. These variables were selected for the multivariate model. Finally, tumor size (p\<0.001; hazard ratio \[HR\], 1.114; 95% CI, 1.077 to 1.153), MVI (p=0.002; HR, 1.614; 95% CI, 1.185 to 2.197) and major vascular invasion (p=0.002; HR, 3.913; 95% CI, 2.717 to 5.636) were significantly associated with survival ([Table 2](#t2-gnl-11-684){ref-type="table"}). The effect of continuous variable (tumor size) was explored using restricted cubic splines. Tumor size had nonlinear effects on the prognosis. We noted that the effect of tumor size on the HR of prognosis was linear below and above a threshold of approximately 7 cm ([Fig. 1](#f1-gnl-11-684){ref-type="fig"}).

3. Construction and validation of nomograms
-------------------------------------------

Variables included in the multivariate model were further utilized to construct the nomogram ([Fig. 2A](#f2-gnl-11-684){ref-type="fig"}). Based on the nomogram, we could obtain an estimate of the probability of 3- and 5-year survival rate for solitary HCC following hepatectomy. Patient with a higher score had a worse prognosis. The C-index values in the training set were 0.75 (95% CI, 0.72 to 0.78) for OS. The calibration curves showed good agreement between predicted and observed outcomes for the 3-and 5-year OS ([Fig. 3A and B](#f3-gnl-11-684){ref-type="fig"}). In the validation set, this OS nomogram was assessed with a C-index was 0.78 (95% CI, 0.72 to 0.84). The calibration curves also showed good agreement between predicted and observed outcomes for the 3-and 5-year OS ([Fig. 3C and D](#f3-gnl-11-684){ref-type="fig"}).

Similarly, tumor size, MVI and major vascular invasion were used to generate the RFS nomogram ([Fig. 2B](#f2-gnl-11-684){ref-type="fig"}). The C-index values in the training set were 0.72 (95% CI, 0.69 to 0.75). In the validation set, The C-index was 0.78 (95% CI, 0.72 to 0.84).

4. OS comparison of between nomogram and conventional staging systems
---------------------------------------------------------------------

We compared the discrimination of the nomogram with that of conventional staging system. The training data set C-index was 0.75. However, the C-index was 0.71 for BCLC staging system (p=0.003), 0.66 for the seventh AJCC edition (p\<0.001), 0.68 for CLIP (p\<0.001) and 0.70 for HKLC (p\<0.001) which means low capability of discrimination and concordance between the estimated and the actual events.

The validation set C-index was 0.78. However, the C-index was 0.69 for BCLC staging system (p\<0.001), 0.66 for the seventh AJCC edition (p\<0.001), 0.71 for CLIP (p=0.024) and 0.70 for HKLC (p\<0.001) which means lower capability of discrimination and concordance between the estimated and the actual events. The results suggest that the nomogram was a useful predictor for survival of patients with solitary HCC in the training set and validation set ([Fig. 4](#f4-gnl-11-684){ref-type="fig"}).

DISCUSSION
==========

In this study, we describe nomograms which accurately predict an individual's prognosis of solitary HCCs following hepatectomy. Tumor-related variables were the most important predictors after curative surgery in our study. The status of liver cirrhosis had less impact on the prognosis in our study. Finally, our nomograms consisted of three simple parameters (tumor size, MVI, and major vascular invasion). The study had utilized a large cohort of patients to derive and validate the nomogram. The nomogram performed well, with good discriminatory prognostic ability, and therefore may be helpful to individualized post-operative treatment decisions and counseling. The nomogram had advantages over the conventional staging systems, because it could fully take into account predictors to provide prognostic information. Despite its widespread use worldwide in HCCs, this is the first to create predictive nomogram for heterogeneously solitary HCCs.

Solitary HCCs consist of a heterogenous group. In our study, tumor size varied greatly with a median of 6.7±3.7 cm ranging from 1.2 to 25.0 cm. There were 174 patients (32.3%) with MVI and 73 patients (13.6%) with major vascular invasion. The 3- and 5-year survival rate was 65.5% and 48.8% after surgery for solitary HCCs.

The impacts of tumor size on prognosis remain controversial. Some investigators considered that for solitary HCCs, increasing tumor size did not decrease the prognosis after surgery.[@b9-gnl-11-684],[@b19-gnl-11-684] Besides, the current BCLC staging system classified single HCC into stage A HCC regardless of tumor size.[@b3-gnl-11-684] However, some other investigators held the oppose opinion and suggested that solitary large HCC (\>5 cm) should be classified as BCLC stage B HCCs.[@b18-gnl-11-684],[@b32-gnl-11-684],[@b33-gnl-11-684] Most investigators identified that over a threshold of tumor size, such as 7 cm, 8 cm or 5 cm, had negative impacts on the prognosis.[@b8-gnl-11-684],[@b17-gnl-11-684],[@b34-gnl-11-684] Even some investigator proposed that patients with solitary HCC should be subclassified based on tumor size.[@b35-gnl-11-684] In this study, tumor size (HR, 1.114) was validated as an independent risk factor associated with the prognosis after curative surgery. Notably, the prognostic implication of tumor size was proven to have a nonlinear effect on prognosis. It had linear effect on the risk of death bellow or above the tumor size appropriate 7 cm. The score of tumor size equal to 26 cm were 100 points. Unlike the conventional staging systems, this nomogram incorporated the tumor size as continuous variables. The larger was the tumor, the higher points were the score.

In addition to tumor size, vascular invasion were strong predictors for the prognosis after liver resection based on multivariate analyses in current study. Consistently, vascular invasion had a strong effect on long-term survival of small or large single HCC and promoted distant metastasis.[@b10-gnl-11-684],[@b18-gnl-11-684],[@b36-gnl-11-684] Even some investigators advocated the advantage of MVI over the Milan criteria in stratifying the prognosis.[@b12-gnl-11-684] Except for the seventh AJCC, few staging systems incorporate the MVI when classifying the tumor stage. In this nomogram, the presence of MVI was assigned 17 points. Undoubtedly, the presence of major vascular invasion was strongly associated with a decreased survival probability, which was assigned a score as high as 48.6 points.

The conventional staging systems could place the patients in different prognostic groups. However, our nomogram can predict individual prognosis after hepatectomy. The conventional staging system might perform well in stratifying the prognosis. The seventh AJCC and BCLC staging system showed good prognostic stratification for solitary HCCs in the training set and validation set. However, in the training set, the HKLC was unsatisfactory in stratifying patients between stages III and IV (p=0.390), and the CLIP was unsatisfactory in stratifying patients between stages II and III (p=0.629). In the validation set, CLIP was unsatisfactory in stratifying patients between stages II and III (p=0.197), and stages III and IV (p=0.054).

Compared with the BCLC staging system, the CLIP and HKLC staging system, this nomogram incorporated the MVI when calculated the risk points. Compared with the seventh AJCC, this nomogram incorporated the tumor size as continuous variable which had nonlinear effect on the prognosis. Moreover, the limitation of the current AJCC for solitary HCCs has been reported in previous studies in term of tumor size.[@b37-gnl-11-684],[@b38-gnl-11-684] Taken together, our nomogram for solitary HCCs quantified the patients' risk using the most important predictors in flexible way. When compared with the four staging systems, our nomogram showed better discriminatory power for OS of solitary HCCs with the C-index (0.75 and 0.78 for the training and validation set, respectively). Our RFS nomogram had index of 0.72 in the training set and 0.78 for the validation set, respectively. The calibration curve suggested that the gap between observed and nomogram predicted 3- and 5-year survival was small in the training set and validation set ([Fig. 3](#f3-gnl-11-684){ref-type="fig"}). The higher was the total points, the worse is the prognosis.

This study has some limitations. Firstly, this was a retrospective study and thus it needed prospective validation. In addition, external validation from other institutions may facilitate wider use of this prognostic nomogram. Secondly, in the future, molecular studies might identify more risk factors associated with the prognosis and incorporation of these factors might further improve the accuracy of the nomogram. Thirdly, among all HCCs, solitary HCC was the most common cancer type (about 54.8%). However, the proportion of solitary HCC patients who underwent surgical resection is even more limited when considering hepatic function due to cirrhosis. Therefore, the usefulness of this nomogram in real clinical practice may be limited.

In conclusions, our nomograms improve the ability to predict individual patient survival compared with the conventional staging systems. To the best of our knowledge, it is the first nomogram developed for solitary HCCs after surgery in Asia. Using our nomograms to predict 3- and 5-year survival may provide a great benefit in clinical practice.
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![The effect of increasing tumor size on prognosis in a Cox analysis using restricted cubic splines. At the cutoff value of 7 cm, the hazard ratio for the prognosis changed. Solid line indicates the mean value. Dotted line indicates the 95% confidence interval.](gnl-11-684f1){#f1-gnl-11-684}

![Nomograms for predicting overall survival (OS) (A) and recurrence-free survival (RFS) (B) in hepatocellular carcinoma (HCC) patients after hepatectomy. For each predictor, a straight upward line is drawn to determine the points. The cumulative points are plotted on the total points bar, and a straight downward line shows the 3- and 5-year estimated postoperative survival rates. Microvascular invasion (MVI): 0, none; 1, presence of MVI; Major vascular invasion: 0, none; 1, presence of Major vascular invasion.](gnl-11-684f2){#f2-gnl-11-684}
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![Kaplan-Meier survival curves of the training and validation sets stratified by the BCLC staging system (A, B), the AJCC seventh edition (C, D), CLIP (E, F), and HKLC (G, H).\
OS, overall survival; BCLC, Barcelona Clinic Liver Cancer; AJCC, American Joint Committee on Cancer; CLIL, Cancer of the Liver Italian Program; KHLC, Hong Kong Liver Cancer.](gnl-11-684f4){#f4-gnl-11-684}

###### 

Patient Characteristics and Follow-up Information

  Variable                    Training set (n=419)   Validation set (n=119)
  --------------------------- ---------------------- ------------------------
  Age, yr                                            
   \>60                       93 (22.2)              39 (32.8)
   ≤60                        326 (77.8)             80 (67.2)
  Sex                                                
   Male                       368 (87.8)             97 (81.5)
   Female                     51 (12.2)              22 (18.5)
  Positive HBsAg              366 (87.4)             99 (83.2)
  HBV-DNA \>10^3^ copies/mL   206 (49.2)             56 (47.1)
  AFP, ng/mL                                         
   \>400                      191 (45.6)             47 (39.5)
   ≤400                       228 (54.4)             72 (60.5)
  TBIL, μmol/L                14.9±6.1               15.7±6.8
  AST, U/L                    51.4±37.9              55.1±39.8
  ALT, U/L                    57.3±57.0              61.3±61.7
  N                           14.9±6.1               15.7±6.8
  L                           1.5±1.1                1.4±0.5
  PLT, ×10^9^/L               143.2±67.7             141.1±69.4
  PLR                                                
   \>108                      154 (36.8)             40 (33.6)
   ≤108                       265 (63.2)             79 (66.4)
  NLR                                                
   \>3.0                      115 (27.4)             38 (31.9)
   ≤3.0                       304 (72.6)             81 (68.1)
  Tumor size, cm              6.7±3.7                6.7±3.5
  Differentiation                                    
   Poor                       170 (40.6)             52 (43.7)
   Moderate-well              249 (59.4)             67 (56.3)
  MVI                         135 (32.2)             39 (32.8)
  Major vascular invasion     66 (15.8)              7 (5.9)
  Cirrhosis                   265 (63.2)             72 (60.5)
  ALB, g/dL                   41.4±4.5               41.2±4.1
  Blood transfusion           40 (9.5)               6 (5.0)
  The extent of surgery                              
   \>3 Segments               93 (22.2)              26 (21.8)
   2--3 Segment               127 (30.3)             42 (35.3)
   1 Segment                  199 (47.5)             51 (42.9)
  Recurrence                                         
   Intrahepatic               227 (54.1)             66 (55.5)
   Extrahepatic               50 (11.9)              11 (9.2)

Data are presented as number (%) or mean±SD.

HBsAg, hepatitis B virus surface antigen; HBV-DNA, hepatitis B viral-DNA; AFP, α-fetoprotein; TBIL, total bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; N, neutrophil; L, lymphocyte; PLT, platelet; PLR, platelet to lymphocyte ratio; NLR, neutrophil to lymphocyte ratio; MVI, microvascular invasion; ALB, albumin.

###### 

Variables Associated with Overall Survival According to the Cox Proportional Hazards Model

  Variable                               Univariate analysis   Multivariate analysis             
  -------------------------------------- --------------------- ----------------------- --------- ----------------------
  Age (\>60/≤60)                         0.072                                                   
  Sex (male/female)                      0.026                 1.769 (1.071--2.893)              
  Positive HBsAg                         0.791                                                   
  HBV-DNA                                0.181                                                   
  AFP (\>400/≤400)                       \<0.001               1.683 (1.275--2.223)              
  TBIL                                   0.552                                                   
  AST                                    0.008                 1.004 (1.001--1.007)              
  ALT                                    0.704                                                   
  N                                      0.245                                                   
  L                                      0.702                                                   
  PLT                                    0.001                 1.003 (1.001--1.005)              
  PLR (\>108/≤108)                       0.004                 1.525 (1.148--2.027)              
  NLR (\>3.0/≤3.0)                       \<0.001               1.793 (1.337--2.405)              
  Tumor size                             \<0.001               1.139 (1.105--1.175)    \<0.001   1.114 (1.077--1.153)
  Differentiation (poor/moderate-well)   0.154                                                   
  MVI                                    \<0.001               2.599 (1.958--3.449)    0.002     1.614 (1.185--2.197)
  Major vascular invasion                \<0.001               5.969 (4.232--8.420)    0.002     3.913 (2.717--5.636)
  Cirrhosis                              0.641                                                   
  ALB                                    0.391                                                   
  Blood transfusion                      0.062                                                   
  The extent of surgery                  \<0.001               1.629 (1.376--1.928)              

HR, hazard ratio; CI, confidence interval; HBsAg, hepatitis B virus surface antigen; HBV-DNA, hepatitis B viral-DNA; AFP, α-fetoprotein; TBIL, total bilirubin; AST, aspartate aminotransferase; ALT, alanine aminotransferase; N, neutrophil; L, lymphocyte; PLT, platelet; PLR, platelet to lymphocyte ratio; NLR, neutrophil to lymphocyte ratio; MVI, microvascular invasion; ALB, albumin.
